The peroxidation of membrane phospholipids induced in vitro by ascorbic acid or by dialuric acid (hydroxybarbituric acid) does not occur in the absence of traces of metal ions. Peroxidation induced by adding iron salts to phospholipids can either be promoted or inhibited by the chelators EDTA, diethylenetriaminepenta-acetic acid and bathophenanthrolinesulphonate, depending on the ratio [chelator]/[iron salt]. The iron chelator desferrioxamine inhibits peroxidation at all concentrations tested, and it also inhibits the iron-catalysed formation of hydroxyl radicals (OH) from superoxide (02-)-Since desferrioxamine is approved for clinical use, it might prove a valuable tool in the treatment of inflammation, poisoning by autoxidizable molecules and radiation damage.
02 is essential for the life of aerobes, but it has long been known to be toxic to them when supplied at concentrations only slightly greater than those in normal air (Haugaard, 1968 (Fridovich, 1975; Halliwell, 1978a) . Lipid peroxidation in vitro has been much studied, and several workers have found that it does not occur unless chelated iron or haem compounds are present (e.g. Wills, 1965; Tyler, 1975; Kaschnitz & Hatefi, 1975; Svingen et al., 1978) . Induction of lipid peroxidation by easily oxidizable molecules, such as ascorbate, dihydroxyfumaric acid or dialuric acid, has also been reported (Wills, 1966; Fee et al., 1975) .
Similarly, the reaction between 02-and H202 to
give OH does not occur unless traces of iron salts are present in the system (McCord & Day, 1978; Buettner et al., 1978; Halliwell, 1978b) . This irondependent generation of OH, often called the 'iron-catalysed Haber-Weiss reaction', can be inhibited by the metal-ion chelators diethylenetriaminepenta-acetic acid or bathophenanthrolinesuphonate (Buettner et al., 1978; Halliwell, 1978b,c) . Halliwell (1978c) suggested that these chelators might be clinically useful in the treatment of inflammatory joint diseases, provided that they are not toxic. For example, in rheumatoid arthritis the hyaluronic acid present in synovial fluid has an abnormally low intrinsic viscosity (Kofoed & Barcelo, 1978 (McCord, 1974; Halliwell, 1978c) . Paraquat poisoning, for which present treatments are grossly inadequate, also involves generation of oxygen free radicals and lipid peroxidation in vivo (Autor, 1974) . We have therefore examined the effect of the above chelators on lipid peroxidation in vitro and we have extended our previous work to include desferrioxamine, a powerful iron chelator whose clinical use is already approved (Editorial, 1978) .
Materials and Methods Reagents
Superoxide dismutase (EC 1.15.1.1) from bovine blood, hyaluronic acid type III-P, bathophenanthrolinesulphonate, diethylenetriaminepenta-acetic acid and penicillamine were obtained from Sigma Chemical Co. Xanthine oxidase was obtained from Boehringer, and Desferal (desferrioxamine B methanesulphonate) from CIBA Laboratories, Horsham, Sussex, U.K. All other reagents were of the highest quality available from BDH Chemicals, and double-distilled water was used throughout. Dialuric acid (hydroxybarbituric acid) was purchased from Koch-Light.
Measurement oflipidperoxidation
Phospholipid was extracted from fresh bovine brains as described by Gutteridge (1977a) . Liposomes were prepared by vortex-mixing phospholipid (5mg/ml) in 0.15M-NaCl adjusted to pH7.4 with NaHCO3. Solutions were purged with N2 before being vortex-mixed, and the liposomes swollen at 0306-3283/79/11/469-04 $1.50/1 4°C before use. Incubations were carried out at 37°C for 2h. The fluorescent lipid-peroxidation products (Bidlack & Tappel, 1973) were extracted into chloroform and determined by a fluorimetric method as described by Gutteridge (1977a) . A Perkin-Elmer MPF-4 spectrofluorimeter was employed (excitation at 360nm, emission scanned in the range 425-435 nm). The fluorescence standard was quinine sulphate ( jug/ml in 0.05M-H2SO4). Chelex-treated water was used to make up all solutions. Solutions of AnalaR ammonium ferrous sulphate were made up in Chelextreated water purged with N2 and used immediately.
Measurement of hydroxylation and hyaluronic acid degradation
Hydroxylation of salicylate by the xanthine/ xanthine oxidase system was measured as described by Halliwell (1978b) in the presence of 1OOpM-EDTA. Hyaluronate degradation was determined by the decrease in viscosity of a reaction mixture containing 0.24ml of hyaluronic acid (8.5mg/ml in 67.5mM-Na2HPO4, pH7.4), 0.01 ml of FeSO4 (10mM), 0.658 ml of a 0.38mM solution of the sodium salt of xanthine in 0.0675M-Na2HPO4 buffer adjusted to pH7.4 with KOH and 0.082ml of water. Reactions were initiated by adding IOpl of a solution containing 20ug of xanthine oxidase and 0.1 pmol of EDTA. The reaction mixture was contained in the cup of a Brookfield LVT cone-plate viscometer (cone-plate angle 1.5650) at 37 ± 0.2°C. Viscosity was measured at appropriate intervals at a shear rate of 230s; water flow through the cup jacket was 100ml/min (Wells et al., 1961) . Formation of uric acid in the reaction mixture was measured by the increase in A290.
Results

Lipidperoxidation
Pure ox brain phospholipid liposomes containing no detectable preformed lipid peroxide were used (Table  1) . In all our experiments, however, penicillamine stimulated Fe2+-dependent peroxidation, whereas desferrioxamine inhibited it at every concentration tested (Table 1) . The well-known anti-oxidant propyl gallate also inhibited peroxidation at all concentrations tested (results not shown).
Iron-catalysed Haber-Weiss reaction
Generation of OH* radicals from O2-and H202 can be detected by the ability of OH, radicals to hydroxylate aromatic compounds (Halliwell, 1978b) . Hydroxyl-radical generation can be demonstrated in a model system containing xanthine plus xanthine oxidase (to generate O2-and H202), salicylate and traces of Fe2+ or Fe3+. Formation of diphenolic products from salicylate in this system is inhibited by superoxide dismutase, by catalase, or by scavengers of OH-radicals (Halliwell, 1978b) . Millimolar concentrations of EDTA increase the rate of OH" generation, whereas similar concentrations of bathophenanthrolinesulphonate and diethylenetriaminepenta-acetic acid inhibit (Halliwell, 1978c) . Table 2 shows that desferrioxamine is also a powerful inhibitor of OH' radical generation, being effective at lower concentrations than is bathophenanVol. 184 Table 2 . Effect of desferrioxanzine on OH generation by the xanthine/xanthine oxidasefFe2+ system Assays of hydroxylation and xanthine oxidase activity were carried out as described by Halliwell (1978b) . Desferrioxamine had no effect on the assay used to measure hydroxylated product formation, nor on xanthine oxidase activity. v, Complete reaction mixture; U, +0.3mM-desferrioxamine; 0, +1.5 mM-desferrioxamine; *, xanthine oxidase replaced by an equivalent amount of bovine serum albumin. -, Urate production followed as AA290. Desferrioxamine had no effect on xanthine oxidase activity.
throlinesulphonate or diethylenetriaminepenta-acetic acid.
Degradation of hyaluronic acid on exposure to a xanthine/xanthine oxidase system in vitro, which is a model for inflammatory joint diseases such as rheumatoid arthritis (see above), is also due to a metal-ion-catalysed Haber-Weiss reaction (Halliwell, 1978c ). Fig. I shows that this degradation is powerfully inhibited by desferrioxamine.
Discussion
The damaging effect of oxygen free radicals and lipid peroxidation in vivo plays an important role in mediating pathological processes (McCord, 1974; Oyanagui, 1976) and radiation damage (Fridovich, 1975; Petkau, 1978 (Kon, 1978) . Our observation that bathophenanthrolinesulphonate and diethylenetriaminepenta-acetic acid can sometimes stimulate ironcatalysed lipid peroxidation casts some doubt on their proposed clinical utility, although protective effects have been demonstrated with the use of isolated lung cells (Autor & Fox, 1979 
